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Abstract   
In the movement of freight across the supply chain, intermodal hubs play an 
important role as points of transfer between different modes. Hub location is one of 
the most crucial success factors bearing directly and indirectly on the main 
stakeholders involved including policy makers, investors, hub operators, freight 
operators, and the local community affected. There have been several attempts to 
develop models to evaluate the optimum location of hubs. However, those models 
tend to maximize hub owners’ and users’ benefits. Only a few attempts have been 
made to include community impacts. There is a need to deal with the individual 
perception and strategic behavior of each stakeholder, including the behaviour and 
objectives of the impacted community living close to potential hub sites. The paper 
focuses on the development of a model to solve the conflicts in intermodal freight hub 
location decisions. The model will be developed, based upon the most appropriate 
multi-objective evaluation techniques derived from the findings of the research 
investigation, with other supporting established modules including land use allocation 
and transport network models; financial viability; hub user cost; and environmental 
and traffic impact modules. The developed model is expected to be a comprehensive 
tool for assisting decision makers in selecting the optimum hub locations that satisfy 
the often conflicting needs of the major players. 
Keywords:  Intermodal; freight transport; hub location model, multi-objective 
evaluation.  
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1. Introduction 
Truck transportation is considered as a favorable mode by shippers to carry freight at 
most ranges of distance as it has more reliability, security, and flexibility in fleet size, 
capacity, scheduling, routing, and access, Sirikijpanichkul and Ferreira (2006a). The 
projection of interstate non-bulk freight in Australia shows an increasing gap between 
road and other mode share each year, AusLink (2002). However, road-rail intermodal 
freight transportation has become an attractive alternative in the recent years since an 
increasing demand of road transport creates threats of air pollution; traffic congestion; 
pavement deterioration; residential amenity; and road safety to a community, as well 
as, a pressure of service delay and reliability; and fuel depletion to truck users. 
Establishing those intermodal hubs is one of the most crucial tasks as their locations 
have direct and indirect impacts to several freight actors including hub user, hub 
operator, transport network infrastructure provider, and community. A number of 
researchers have applied exact and heuristics techniques to determine the optimum 
number, size, and location of hubs, as well as the overall performance of the system. 
However, the problem involves many decision makers. Thus, a model needs to focus 
on the multi-objective evaluation of the location decisions, rather than optimizing 
individual objective. Once conflicts occur, the model needs to be flexible enough to 
allow the negotiation process in order that all needs of stakeholders are satisfied. The 
research deals with multi-objective evaluation of road-rail intermodal freight hub 
location.   
 
2. Hub Location Decisions 
There are some factors that have influences on the hub location decisions. These 
influencing factors are considered in the two dimensions as direct and indirect factors 
and three different points of view including supply, demand, and local community as 
shown in Figure 1.   
These factors are necessary for modelling the behaviour of individual stakeholder and 
their objective functions, as shown in Table 1. 
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Figure 1. Intermodal Freight Hub Location Decisions: Influencing Factors 
Source: Sirikijpanichkul and Ferreira (2006b) 
 
Table 1. Objectives and Criteria for Hub Location Evaluation Model 
Stakeholders Actors Objectives and Criteria for Evaluation 
A) users • transport operators, 
• forwarders, 
• consignors and 
consignees. 
-  operational desirability: 
• minimization of the cost of transport,  
• reliability and frequency of the service, 
• connectivity with other modes. 
B) service 
providers 
• hub owners, 
• hub operators, 
• infrastructure 
providers. 
• financial and economic viability and 
sustainability, 
• possibility to expand the hub, 
• capacity of the system. 
C) community   • environmental impacts, 
• traffic impacts, 
• economics impacts 
Source: Adapted from EC (1996) and Macharis (2001). 
 
3. Objective Functions and Criteria for Evaluation 
To evaluate hub location options, all relevant criteria should be determined according 
to the aims and goals of each stakeholder (see Table 1). To measure the effectiveness 
Intermodal Terminal
Supply (Infrastructure Owners/Operators) Demand (Users) 
Direct Factors 
Indirect Factors (Community) 
Access to Ports 
Site and Space 
Access to Railway 
Lines and Truck 
Routes  
Proximity to 
Industries or 
Distribution 
Centers 
Proximity to 
Market 
- Rental Costs 
-  Type of   
 Freight and  
 Containers 
Proximity to CBD 
-  Local Environmental 
Impacts 
-  Local Traffic 
Impacts
- Local Economic 
Impacts 
Accessibility to Labor 
 
- Local Economic 
Impacts 
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of these criteria, the objective function and the decision variables are required. In 
addition, the constraints, which represent resource limits, unacceptable system 
outputs, need to be defined to ensure that the decision variable are restricted to their 
feasible (or permissible) values, Taniguchi et al (2001). Once the set of candidate 
location is defined, a subset of them must be selected and evaluated if it yields 
optimal solution with respect to a given objective function.  The objective function 
varies by its natures e.g. coverage maximization, cost minimization, optimization of 
some equity measure, etc. The simplified forms of these objective functions and 
constraints are presented as follows, Sirikijpanichkul and Ferreira (2006b): 
Objective functions: 
Global Objective Function:  )()()()()(min 4321 xfxfxfxfxF
Xx
+++=
∈
       (1) 
Hub User:   )()()()(min 3211 xcxcxcxf
Xx
++=
∈
 (2) 
Hub Owner:  )()()(min 542 xcxcxf
Xx
+=
∈
      (3) 
Infrastructure Provider:  )()()(min 763 xcxcxf
Xx
+=
∈
  (4) 
Community:       )()()()(min 10984 xcxcxcxf
Xx
++=
∈
  (5) 
Subject to, 
Capacity Constraints:     (6) xtxKxQxSxQ t
OUT
tt
IN
t ,),()()()( ∀≤+=
Commercial Sustainability Constraints:  (7) xtxVxQxSxQ t
OUT
tt
IN
t ,),()()()( ∀≥+=
where,   
x :    a vector of location choices of candidate intermodal hubs, x ∈ X; ∀x,               
under hub location pattern x, 
c1(x):  total truck transportation cost in the road network,   
c2(x):  total user hub operating cost, 
c3(x):  total line-haul rail transportation cost, 
c4(x):  total capital cost of new and upgraded hubs, 
c5(x):  total hub operating cost,   
c6(x):  total road network capital cost,   
c7(x):  total rail network capital cost,   
c8(x):  total air and noise pollution cost generated by truck, 
c9(x):  total air and noise pollution cost generated by rail, 
c10(x):  total air and noise pollution cost generated by hub activities, 
)(),( xQxQ OUTt
IN
t : total freight volume transported into and out of hub t, respectively, t ∈ x; 
 ∀t,  
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)(xSt     : total volume of freight storage at hub t, t ∈ x; ∀t, 
)(),( xVxK tt : capacity and threshold freight volume for commercial sustainability, Sd+D 
(2004), of hub t, respectively, t ∈ x; ∀t.     
The detailed objective functions and constraints which have been developed in study 
are attached in Sirikijpanichkul and Ferreira (2006c). 
 
4.  Multi-Objective Models 
In a terminal location decision problem, the aims and goals of each stakeholder, as 
shown in Table 1, can easily be in conflict.  To deal with this problem, all the criteria 
are necessary to be converted into measurable indicators and evaluated by using 
multi-objective evaluation models. 
Taniguchi et al (2001) classify the multi-objective evaluation models by the levels of 
their complexity. Those include  mono–actor/ multi-factor (e.g. multi-criteria and 
cost-benefit analysis; descriptive modeling techniques; etc.), multi–actor/multi-factor 
from outsider’s perspective or bird’s eye view (e.g. network relations models; game 
theory; cognitive mapping; etc.), multi–actor/multi-factor from individual stakeholder 
perspectives or mouse-eye (e.g. cultural theory; configuration analysis; Q-method; 
depth-interviews and metaphors; etc.) and multi–actor/multi-factor with hidden 
agendas (e.g. Dynamic Actor Network Analysis (DANA); etc.). 
In addition, a cutting-edge technology like Multi-Agent System (MAS) potentially 
facilitates the development of a multi-level, multi-actor model.  The relevant 
applications of MAS are reviewed by Henesey et al. (2003a), Ho et al. (2003), and 
Davidsson et al.(2005). In this study, MAS is introduced and employed to solve the 
conflicts in hub location decisions among the major players. 
 
5. Multi-Agent System (MAS) 
The multi-agent system describes the system that contains a number of agents, which 
interact with one another through communication. The agents are able to act in an 
environment where different agents have different spheres of influence which they 
will have control over, Wooldridge (2002). The multi-agent system uses artificial 
intelligence concepts to simulate the interaction within a problem domain of several 
entities, each having different goals and objectives. The cooperative and competing 
goals between the agents are used mainly to resolve conflicts. The hierarchical 
structure is applied to expand the system which the optimum solution advised from 
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the higher level agents. Roozemond and Rogier (2000) as shown in Figure 2.  
 
 
 
 
  
 
 
 
 
 
Figure 2. Typical Structures of Multi-Agent Systems 
            Source: Adapted from Wooldridge (2002) 
 
6.  Model Development 
Environment 
Sphere of Influence 
Legend 
Organizational Relationship 
Interaction 
Agent 
The concept of multi-objective evaluation model for intermodal freight terminal 
location is illustrated in Figures 3a and 3b. 
 
 
 
 
 
 
 
 
 
 
Multi-Objective 
Evaluation Model 
 
 
Land Use Allocation and  
Transport Network Model 
Mutually 
Satisfied? 
3.3
 
 
 
Figure 3a. Structure of Multi-objective Evaluation Model for  
Intermodal Freight Hub Locations  
[Source: Sirikijpanichkul and Ferreira (2007)] 
No 
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Candidate Hub Location 
Scenario 
A
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(See inset) See Figure 3b Set –Covering 
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Figure 3b. Module B: Multi-objective Evaluation Model  
[Source: Sirikijpanichkul and Ferreira (2006c)] 
The concept of a multi-objective evaluation model for intermodal freight hub location 
is illustrated in Figure 1. Multi-objective evaluation model for intermodal freight hub 
location is an integration of two main models, namely, a land use allocation and 
transport network model and a multi-objective evaluation model.  
The modeling process begins with an analysis of potential hub location sites using a 
set-covering problem, Winston (1997). The result is a number of candidate hub 
location scenarios to be used in the next process. Each scenario is varied in number, 
size (capacity), and location pattern of the proposed hubs. It is screened to remove 
unlikely options according to screening criteria such as the overall capacity of the 
proposed hubs and increasing freight demand; location pattern of the proposed hubs 
and spatial distribution of freight activities (market; factory; freight companies; port; 
etc.) in the locality.  
Next, the screened options are transmitted to the land use allocation and transport 
network model as input data. Hub and network outputs of each option are calculated. 
This output data is then fed into individual stakeholders’ objective function in the 
multi-objective evaluation model. The model determines if the solution mutually 
satisfies for every player by taking the results of every individual objective function 
into account.  If so, the location choices become a final outcome. Otherwise the 
feedback would occur to re-select a new set of screened hub location options. The 
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process is repeated iteratively until the final solution is achieved. 
The multi-objective evaluation model determines if the hub location option mutually 
satisfies every player. The model is classified into three levels, namely operational, 
tactical and strategic levels. The first level deals with the evaluation of individual 
objective functions, the second level deals with interaction and negotiation among the 
players, and the third level deals with global objective function and policy maker, 
Sirikijpanichkul and Ferreira (2007). 
 
7.  Model Testing and Validation 
To assure that the model is calibrated and validated, it will be tested with a real-world 
case study. In this research, the potential sites of intermodal freight terminals in South 
East Queensland, according to the Stage 2 of South East Queensland Inter-modal 
Freight Terminals Study (SEQIFTS) report, GHD (2005), will be used as a case study. 
The model will be calibrated and validated against a set of validation data.  
To investigate the influences of terminal expansion, interdependency of terminals and 
freight policy on the pattern of terminal locations, an example has been used. This is 
made up of four network scenarios including 2005 base, 2015 do minimum, and 2015 
option tests 1 and 2, are established as shown in Figure 4.  
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Network Scenarios  
[Source: Sirikijpanichkul and Ferreira (2006b)] 
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The base network including road links (l1, l2, and l3), a rail link (r1), intermodal 
terminals (T1 and T2), terminal access links (a1 and a2), and travel zones (N, E, W, S, 
T1, and T2). The do minimum network has the 2015 origin-destination matrix 
extrapolated from the 2005 base matrix by the assumed growth factor. The option test 
1 assumes that both terminals including their accesses are expanded (T’1, T’2, a’1, and 
a’2), whereas the option test 2 assumes that the new terminals including their accesses 
(T3, T4, a3, and a4) and new rail links (r2 and r3) are built, to accommodate the 
increasing demand in 2015.  
  
8.  Conclusions  
This research is aiming at developing a new evaluation tool for intermodal freight 
terminal locations since the previous models are not inclusive in terms of 
externalities, stakeholders’ perception and behaviour, model appropriateness, and 
impacts of terminal expansion; interdependency of terminals; and freight policy. The 
paper provides the approaches that the model is developed and the comprehensive 
literature review on the relevant topics. 
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